Background
==========

Renalase is a recently discovered secretory protein involved in regulation of arterial blood pressure in humans and animals \[[@b1-medscimonitbasicres-19-267]--[@b4-medscimonitbasicres-19-267]\]. Although mechanisms responsible for the renalase-mediated normalization of blood pressure remain unknown and pilot studies on the involvement of renalase in degradation of circulating catecholamines \[[@b2-medscimonitbasicres-19-267],[@b5-medscimonitbasicres-19-267]\] have not been confirmed by other laboratories \[[@b1-medscimonitbasicres-19-267],[@b6-medscimonitbasicres-19-267]\], good evidence exists that renalase is a novel and important regulator of blood pressure \[[@b1-medscimonitbasicres-19-267],[@b3-medscimonitbasicres-19-267]\]. Although major attention is currently focused on kidney renalase expression (and secretion) altered in patients with renal pathology (particularly end-stage renal disease) \[[@b2-medscimonitbasicres-19-267],[@b3-medscimonitbasicres-19-267],[@b7-medscimonitbasicres-19-267],[@b8-medscimonitbasicres-19-267]\], human renalase gene expression has been also found in cardiomyocytes, liver, and skeletal muscles \[[@b5-medscimonitbasicres-19-267]\]. More recently, renalase mRNA has been detected in human peripheral nerves, and in adrenal and adipose tissue \[[@b6-medscimonitbasicres-19-267]\].

Results of animal experiments from independent laboratories indicate that administration of human recombinant renalase decreases blood pressure \[[@b5-medscimonitbasicres-19-267],[@b7-medscimonitbasicres-19-267]\]. Renalase knockout mice have higher blood pressure and susceptibility to myocardial ischemia \[[@b8-medscimonitbasicres-19-267]\]. Dahl rats with inherited predisposition to salt-sensitive arterial hypertension have renalase deficiency \[[@b9-medscimonitbasicres-19-267]\]. Recently, authors \[[@b10-medscimonitbasicres-19-267],[@b11-medscimonitbasicres-19-267]\] have reported the decreased content of the renalase protein in plasma and kidneys of SHR (with mean systolic blood pressure of 198±29 mm Hg) as compared with WKY rats, and renal denervation caused a temporary increase in renal and plasma renalase and a decrease in blood pressure. This suggests involvement of renalase in regulation of blood pressure in this animal model. Therefore there is a clear need for analysis of tissue expression of renalase in SHR, which has not been performed so far.

In this preliminary study we investigated renalase mRNA in the brain, heart, and kidneys of control WKY rats with normal blood pressure of 110--120 mm Hg and of 2 groups of SHR with moderate (about 140--180 mm Hg) and high (more than 180 mm Hg) levels of blood pressure. Our results indicate that only the rats with high hypertension are characterized by statistically significant changes in the tissues levels of renalase mRNA as compared with control WKY rats, and brain and peripheral tissue renalase mRNA levels demonstrate opposite trends.

Material and Methods
====================

Male 12--14 week old WKY (n=6; blood pressure of 110--120 mm Hg) and SHR rats with moderate (n=5; blood pressure of 140--180 mm Hg) and high (n=5, blood pressure exceeding 180 mm Hg) hypertension were purchased from the Animal Breeding Center (a branch of Shemyakin and Ovchinnikov Institute of Bio-organic Chemistry, Russian Academy of Sciences, Pushchino, Russia).

After decapitation under light anesthesia, brains were rapidly removed, and pooled samples of left and right cortex (5--10 mg), as well as samples of left ventricles and kidneys (5--10 mg each) were used for isolation of total RNA.

Total RNA was isolated using standard kits for total RNA isolation "SV Total RNA Isolation System" (Promega) as recommended by the supplier; 3--5 μg were used for cDNA synthesis using Primer Extension System-AMV Revertase Transcriptase Kit (Promega) and oligo d(T)~10~ primers. Custom synthesized primers ([Table 1](#t1-medscimonitbasicres-19-267){ref-type="table"}) purchased from Sintol (Russia) were used for amplification of selected genes encoding rat renalase mRNA 1825 bp (NM_001014167) and beta-actin mRNA 849 bp (EF156276).

PCR cycles were optimized for each gene for the log phase amplification \[[@b12-medscimonitbasicres-19-267]\]. No template control (NTC) samples (without DNA added) were amplified under our experimental conditions ([Figure 1](#f1-medscimonitbasicres-19-267){ref-type="fig"}). Numbers of mRNA copies were determined by the method of real-time TaqMan PCR detection, using a CFX96 real-time PCR detection system (BioRad).

Details of the real-time TaqMan PCR detection have been described previously \[[@b12-medscimonitbasicres-19-267]\]. Results were also normalized *vs.* β-actin gene expression and treated using a program provided by the supplier of the real-time PCR instrument (BioRad).

Statistical difference was evaluated by unpaired t test. Differences were considered as statistically significant at p≤0.05.

Results
=======

In brain, heart, and kidney samples of WKY and both groups of SHR rats, the mRNA transcripts for the β-actin gene gave similar (and basically indistinguishable) signals ([Figure 1](#f1-medscimonitbasicres-19-267){ref-type="fig"}) and all such renalase expression results were therefore normalized *vs.* β-actin gene expression. Analysis of renalase mRNA in 3 tissues of WKY and SHR rats showed different trends. In brain, the highest levels of renalase mRNA were found in WKY rats. In SHR with the moderate increase in blood pressure (120--140 mm Hg), the renalase mRNA level was somewhat lower than in control WKY rats (with normal blood pressure of 110--1120 mm Hg), while in SHR with the highest level of blood pressure (\>180 mm Hg) it demonstrated further decrease, which reached the level of statistically significant difference (p\<0.01, *vs.* WKY) ([Figure 2A](#f2-medscimonitbasicres-19-267){ref-type="fig"}). In heart, no changes were found in mRNA expression between WKY and SHR rats with moderate blood pressure, while in SHR with the highest level of blood pressure it significantly exceeded control level ([Figure 2B](#f2-medscimonitbasicres-19-267){ref-type="fig"}; p\<0.05). In kidneys of WKY rats, the mRNA level of renalase was near the detectable limit, as well as in SHR with moderate hypertension. However, SHR with the highest level of blood pressure (\>180 mm Hg) had significantly higher level of renalase mRNA (p\<0.001) ([Figure 2C](#f2-medscimonitbasicres-19-267){ref-type="fig"}).

Discussion
==========

Spontaneously hypertensive rats were originally inbred from Wistar rats and their Wistar-Kyoto non-hypertensive controls (for a review, see Tamura et al. \[[@b13-medscimonitbasicres-19-267]\]). They are characterized by the development of stable spontaneous hypertension at the age of 4--6 weeks. Our results indicate that although mRNA renalase levels gradually changed from normotensive WKY rats to SHR with moderate hypertension and further to SHR with high hypertension, only the adult SHR with high hypertension (\>180 mm Hg) are characterized by marked and statistically significant changes in the mRNA levels in brain hemispheres (p\<0.01), heart (p\<0.05), and kidneys (p\<0.001) compared with WKY rats ([Figure 2A--2C](#f2-medscimonitbasicres-19-267){ref-type="fig"}). In the brain tissues, there was a clear decrease in renalase mRNA, while in myocardium and especially in kidney parenchyma significant increases in renalase mRNA were detected. These opposite changes suggest differential regulation of renalase gene expression in the brain and peripheral tissues during the development of hypertension. Earlier tissue-specific regulation has been reported for angiotensin gene expression in SHR *vs.* WKY \[[@b14-medscimonitbasicres-19-267]\].

Recent studies \[[@b10-medscimonitbasicres-19-267],[@b11-medscimonitbasicres-19-267]\] have reported decreased content of the renalase protein in plasma and kidneys of SHR (with mean systolic blood pressure of 198±29 mm Hg) as compared with WKY rats, and renal denervation caused a temporal increase in renal and plasma renalase and a decrease in blood pressure. Although tissue renalase mRNA levels have not been investigated, this suggests that renalase is an important player in this model of hypertension. In this context, our results indicate that altered expression of the renalase gene is associated with development of hypertension in SHR. It is reasonable to suggest that altered transcription of the renalase gene in adult male SHR is not accompanied by corresponding changes in the tissue/plasma levels of the renalase protein due to impairments in posttranscriptional regulatory mechanisms of renalase protein synthesis. Such a scenario is quite possible if we take into consideration data \[[@b8-medscimonitbasicres-19-267]\] that indicate renalase inhibition by antisense RNA (which usually blocks translation of the sense mRNA \[[@b15-medscimonitbasicres-19-267]\]) results in increased basal blood pressure and hyperergic response to adrenergic stress. Study of this problem is among our future plans.

Conclusions
===========

The results of this study indicate that SHR with high hypertension (\>180 mm Hg) are characterized by lower levels of renalase mRNA in brain hemispheres and decreased levels in heart and kidneys as compared with control WKY rats. The opposite changes in renalase mRNA expression suggest involvement of tissue-specific regulation of renalase gene transcription, which is crucial for impaired regulation of blood pressure.
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###### 

Oligonucleotide primers for real-time PCR of rat renalase and β-actin.

  Gene                             Oligonucleotide primer sequence 5′→3′   Fragment size (bp)      
  -------------------------------- --------------------------------------- ----------------------- ----
  Renalase                         Forward primer                          AGCGCAACACAGAGTCATCA    71
  Reverse primer                   TGTGACTCCAAATGGGACGG                                            
  Dual-labeled fluorescent probe   R6G-ATGTGGCCCATTGCTGGTGGTCCATAC-BHQ2                            
                                                                                                   
  β-actin                          Forward primer                          AGCCATGTACGTAGCCATCCA   81
  Revers primer                    TCTCCGGAGTCCATCACAATG                                           
  Dual-labeled fluorescent probe   FAM-TGTCCCTGTATGCCTCTGGTCGTACCAC-BHQ1                           
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